Summary. Choline kinase was present in barley and wheat roots and leaves of barley, wheat, tobacco, spinach and squash plants. The Only a very slow hydrolysis of phosphorylcholine by similar plant extracts was observed. This phosphatase activity was purified 200-or 300-fold and appeared to be caused by a nonspecific acid phosphatase.
Only a very slow hydrolysis of phosphorylcholine by similar plant extracts was observed. This phosphatase activity was purified 200-or 300-fold and appeared to be caused by a nonspecific acid phosphatase.
The activity of both the kinase and the phosphatase did not seem sufficient to account for the rapid equilibration of the large phosphorylcholine reservoir of plants with exogenous P32-labeled orthophosphate.
In plants a large amount of phosphorus is present as phosphorylcholine (7), which may participate in phosphorus storage and transport (11) , as well as in phospholipid synthesis. The phosphorylcholine reservoir in both roots and leaves is substantially labeled within a few minutes after adding P32-orthophosphate to the niutrient culture. This investigation reports on 2 enzymes from higher plants, the kinase which catalyzes phosphorylcholine synthesis and the phosphatase which brings about its hydrolysis. The detection and total activity of the kinase and phosphatase for phosphorylcholine in plants is of interest because of the rapid metabolic turnover of this coni- pound. The properties of choline kinase from animial tissue and yeast (12) and from rapeseed (8) have been reported. The choline kinase froml leaves and roots of higher plants has similar properties. The presence of phosphorylcholine phosphatase was not detected in plants (9). However, from semen (6) rapid phosphatase hydrolysis of phosphorvlcholine occuirs at pH 6 and a phosphatase with a very alkaline pTH optimunl has been found in the intestinal niucose (1 
Materials and Methods
Choline Kiniase Assay. Two assays were used. Yeast choline kinase was isolated and assayed spectrophotometrically as described by Wittenberg and Kornberg (12) . In this procedure NADH oxidation and pyruvate reduction by lactate dehydrogenase was coupled to the formation of ADP during choline kinase action and the resynthesis of ATP from P-enol-. pyruvate. The procedure was modified by addition of GSH and by substitution of glycine buffer at pH 9.5. By use of excess dehydrogenase at the higher pH, the kinase was maintained as the rate-limiting reaction. This assay procedure was used for the partially purified plant choline kinase system as a check on the isotopic assay. However, the procedure could not be used for detection of the kinase in sap or (NH1)2SO4 fractions because of competing side reactions for NADH and ATP. For isolation of the plant kinase an isotopic C14 chromatographic assay had to be used which was more sensitive than the spectrophotonietric assay and which cotuld be used on colored plant extracts. In this assay the formation of phosphorylcholine-C14 from excess choline-C14 and ATP was nieasured chromatographically. The assay was quantitative because of the absence of any phosphatase hydrolysis of phosphorylcholine above pH 7 (see Results). The incubation mixture containied 0.02 ml choline-C14H, ( The plant choline kinase preferentially utilized ATP (table III) . One quarter as much activity with ADP and GTP could have been caused by contaminating transphosphorylation reactions. The activity with ADP as phosphate donor was diminished when hexokinase and glucose were added to *the reaction mixture. This suggested the presence of some myokinase activity in the DEA'E cellulose fraction.
Reversibility of the reaction could not be demonstrated by the formatioln of choline-C14 when starting with phosphorylcholine-C14 and ADP in the same reaction mixture for the forward reaction. These experimlents also demonstrated the absence of any phosplhatase activity in the kinase preparation.
The pH optimuitiimi was broad between 7.5 to 10.5 and a mlaximiium value varied according to the buffer (fig 1) . A similar effect of pH was observed with both the yeast (12) and rapeseed kinases (8) .
Effect of Cholinc, ATP anid Mg++ Concentration. With choline kinase from spinach leaves Km values were obtained which ranged between 5 X 10-5 and 1 X 10-4 M at pH 9.6 (fig 2) . This Km is to be compared with the value of 2 X 10-5 M for choline kinase from yeast (12) and 6 X 10-5 M from rapeseed (8) .
The requirement for Mg++ was specific as shown in table IV and EDTA completely inhibited the en- (3, 4) .
Inhibitors of Kinase. Very high concentrations of NaF, NaN3, p-chloromercuribenzoate (pCMB) and iodoacetate were necessary to inhibit the choline kinase. Neither GSH nor cysteine influlenced the enzyme activity (table V) . These properties are similar to those for the enzyme from rapeseed (8) and indicate the absence of a sulfhydryl group. The activity of the yeast enzymiie on the other hand, was increased by cysteine (12) .
Phosphorv/ch oline Phosphatase. In an extensive preliminarv survey with crucde extracts from roots fig 4) .
Discussion
Plants, particularly the roots, contain a much larger reserve of phosphorylcholine than other biollogical tissue (7, 11) The activity of neither the kinase lnor phosphatase seemed adequate to account for the rapid p32 turnover in the free phosphorylcholinie reservoir of the plant tissue (7, 11) . Therefore P32 orthophosphate exchange into phosphorylcholiiue pool of the plant tissue may occur bv some other pathway suich as phosphatidvl choline m1etabolismli.
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